Abstract
It is widely acknowledged that buildings account for more than 30% of total final energy 36 consumption in the world and are responsible for consuming 35%-40% in the developed 37 countries [1, 2] , among which 30-60% are for improving indoor thermal environment in 38 buildings [3] . In China, the building energy consumption has increased by 45% in two 39 decades [4] . The proportion of building energy consumption was about 27.5% in 2001 [5] and 40 it was up to 36% (i.e. construction and operation) in 2014 [3] . With China's prosperous 41 economy and growing urbanization rate, the Chinese governments have to, on the one hand, indicated that in Shanghai occupants had better adaptation to cold due to the lack of space 76 heating while Harbin occupants were used to warmer indoors. With the similar thought, a study 77 from Yan et al.[18] concentrated on the thermal environments in the four zones of eastern 78 China, further developed the adaptive models in the different zones. This study covered the of the whole year. Overall, regardless of these studies, it is worthwhile to mention that the 86 majority of field studies had focused on the limited regions, covering just one or more climate 87 zones, and the differed research methods and periods made it less comparable between 88 different climate zones. More importantly, the majority of the cross-section are concentrated 89 mainly on summer and winter rather than the annual investigation on thermal environments, 90 and the sample size is limited to reflect the long-term thermal adaptation of occupants over the 91 year, due to the difficulty of on-site surveys. Moreover, most studies for free running buildings 92 focused on building relationships between the comfort temperatures and outdoor temperatures, 93 i.e., developing the adaptive models [16, 24] . Thanks to the update and implementation of the To the authors' knowledge, few studies of on-site surveys are available in a large-scale 101 nationwide range (e.g., covering the five climate zones over the same period), a large sample 102 size (e.g., covering a larger number of building cases with thermal environment tests and 103 questionnaire surveys simultaneously), and a long-term measurement (e.g., covering the 12-104 month tests annually). Accordingly, the present paper aims to examine more in depth these 105 differences by presenting the outcomes of a new large-scale nationwide field study on indoor 106 thermal environment and thermal comfort in residential buildings covering the five climate It is however worth noting that all the investigated buildings located in the two northern 123 climates (i.e., in the SC and C zones) were supplied with urban central heating systems in 124 winter which are not operable for occupants.
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During the survey, the thermal environments measurements and the questionnaire survey were 126 conducted both in AC and non-AC buildings. Therefore, the daily life was not disturbed and 6 they could use any heating and cooling devices. Overall, the initial sample size was almost 128 21,000. Screening for cases with free running condition was just conducted in this study. Table 3 Occupants' thermal sensation of the thermal environment they are exposed to is essential in 286 evaluating indoor thermal comfort conditions [16] . percentage of occupants' [16] . Therefore, it is critical to specify the relationship between 348 thermal sensation and thermal acceptability. In Figure 2 , it shows the change of TSV with where TSV is the subjects' mean thermal sensation votes in the corresponding bin. In order to better fit the prediction, we referred to Fanger's PPD model, which is expressed by 397 Equation (7). The regression coefficients a, b, c and d for each climate zone are listed in Table   398 3 together with the corresponding coefficient of determination R 2 . The best-fit curves obtained by using Equation By referring to the comfort zones in ASHRAE 55 [16] and defined in GB/T 50785, first the for a given aPMV value in the specified range of -0.5 to +0.5 and λ.
The λ in Equation (9) It is found that the lower temperature limit in C zone is much smaller (nearly 2°C) than that in 463 SC zone in winter, while the opposite happens if considering the upper temperature limit in 464 summer (around 1°C), and this holds for every humidity value. For the three southern zones 465 the differences of temperature boundaries obviously reflect the local climatic differences. As 466 an example, the minimum and maximum indoor temperature limits in HSCW zone are lower 467 than those of HSWW zone of about 1.81°C and 1.31°C respectively under 60% RH. By 468 contrast, the M zone has the narrowest temperature ranges due to moderate outdoor and indoor 469 climates, which results in weaker thermal acceptability of occupants. Table 5 highlights also 470 that both the upper and lower temperature limits decrease by almost 1°C when increasing 471 relative humidity from 30% to 70%/80% in the five zones, suggesting that humidity as well 472 plays a role on determining thermal comfort. However, it should be stated that even though 473 the effect is slight in comfort zone, the high air humidity could increase the risk of building 474 moist, condensation and mold etc., and for human health, the humidity is still a key factor for 475 building thermal environments.
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According to the calculated temperature limits reported in Table 5, the acceptable indoor comfort conditions have been found in the M zone (see Figure 1 and Figure 4) The outcomes of this study highlights how the situation changes drastically in the two southern standards [16, 29, 36, 41] . As a result, the thermal environment improving seems to take the 574 first place in these two southern regions. 
